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Abstract 


The report presents background information on the rocket-triggered lightning 
project at Kennedy Space Center (KSC), a summary of the forecasting problem 
there, the facilities and equipment available for undertaking field experi- 
ments at KSC, previous research activity performed, a description of the 
atmospheric science field laboratory near Mosquito Lagoon on the KSC complex, 
methods of data acquisition, and present results. New sources of data for the 
1989 field experiment include measuring the electric field in the lower few 
thousand feet of the atmosphere by suspending field measuring devices below a 
tethered balloon, The report also details problems encountered during the 
1 989 field experiment, and lists future prospects for both triggered light- 
ning and lightning-kindled forest fire research at KSC, 


Summary 


Kennedy Space Center (KSC) is the center for and its operations the focus of 
the world's most exacting single-point, short-range weather forecasting prob- 
lems. Thunderstorms, with lightning, hail, strong winds, and possibly torna- 
does, represent the greatest hazard at KSC, 

The present Atmospheric Science Research Laboratory program at KSC includes 
ground and airborne electric field measuring instruments (field mills); a 
ground-based radar; numerical models; rocket triggered lightning experiments; 
and conventional, fairly dense network of reporting stations and rain gages. 
When available, KSC will add a high-resolutlon wind profiler now being devel- 
oped at Marshall Space Flight Center, 

KSC recognizes the critical nature of smaller scale weather phenomenon in the 
forecasting problem addressed, i.e, short-period, precise, local weather 
forecasts. No other group has ever attempted to forecast on a routine hasi^ 
the weather events KSC desires to predict, KSC will first attempt to improve 
the gpneral understanding of smaller scale weather phenomena. The research 
project coordinates actions of disparate groups in collecting and analyzing 
heterogeneous data, and in integrating results into a real-time data display 
system. 

Some problem areas: Most of the individual research efforts by the various 
participating groups take place without coordination with either KSC or the 
other cooperating groups, KSC is trying to integrate the research program 
into a unified effort. Devising a reliable operational forecasting method may 
take many years and considerable effort from KSC, other government weather- 
forecasting units, and academia. 

Work on lightning-kindled forest fires has just begun at KSC, and will 
continue. 
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I 


INTRODUCTION 


1.1 BACKGROUND INFORMATION 

Th# 1 lightning program at Kennedy Space Center (KSC) began in the 1%0's, 
when the National Aeronautics and Space Administration (NASA) began building 
taller structures on the Center. Lightning strikes to Apollo 12 and, more 
recently, to an Atlas-Centaur rocket, resulting in both its and its payload's 
destruction, gave rise to added research to understand lightning better, KSC 
used their own employees, as well as cooperated with academic institutions 
and private companies in developing its lightning program. The present pro- 
gram includes ground and airborne electric field measuring instruments 
(field mills), radar; numerical models, rocket triggered lightning experi- 
ments, and conventional mesometeorological network of reporting stations and 
raingages. 

Most of the individual research efforts by the various participating groups 
take place without coordination with either KSC or the other cooperating 
groups. KSC needs to integrate the entire research program into a unified 
program. Moreover, KSC needs to use the results and techniques developed for 
its dav— to— day operations. Additionally, the limited meteorological expertise 
at KSC has hampered the research effort, requiring KSC to rely heavily on 
outside personnel and equipment for this research. 

Numerous disparate groups and organizations have some expertise in various 
aspects of thunderstorm and lightning phenomena. Railroads know about 
lightning's ability to travel long distances along rail tracks, and to cause 
damage far from the original strike. Electric power companies also know how 
lightning travels through its conductors to damage equipment far from the 
thunderstorm producing the lightning. They also know lightning can couple 
into lines not originally struck by lightning. Airlines and the military know 
lightning strikes aircraft both in the air and on the ground, and that air- 
craft can trigger lightning flashes even far from a thunderstorm cloud. 
Radio and television stations, as well as telephone companies know lightning 
strikes thpir towers and disrupts their transmissions and communications. Tt 
also couples into their equipment. Boaters, anglers, and golfers, among 
others, know their recreational equipment (rods, masts, golf clubs) may serve 
as conductors for lightning strikes— particularly newer graphite materials in 
rods, masts, and club shafts. 


1.2 THE l.TGHTNTNG FOREGASTTNG PROBLEM AT KENNEDY SPACE CENTER 

KSC is the center for and its operations the focus of the world's most crit- 
ical single-point, short-range weather forecasting problems. Many operations 
at KSC are extremely vulnerable to weather, usually in such novel ways that 
the forecasting problem has no counterpart in any other realm. The forecaster 
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must develop their own experience at KSC, they cannot rely on experience 
gained elsewhere to help them with unique KSC forecasting problems. 

The special nature of weather at KSC, as well as extremely high economic and 
human costs if KSC launches (and therefore missions) fail leads to very pre- 
cise forecasting criteria with extremely little margin for error. KSC success 
or failure also impacts directly and significantly on national and interna- 
tional opinion of United States' space effort and expertise. KSC failures 
draw considerable national and international attention! Thunderstorms, with 
lightning, hail, strong winds, and possibly tornadoes, represent the greatest 
hazard at KSC. 

In its approach to forecasting extreme weather, KSC recognizes the critical 
nature of smaller scale weather features and phenomenon (mesoscale compon- 
ents) on the problem addressed: short-period, precise, local weather fore- 
casts, Even the excellent world-wide weather data available through MIDDS 
cannot by itself make the local weather forecasting problem easier. KSC plans 
to integrate weather data from satellites, radar, its own local mesonetwork 
of weather stations, regional weather stations, and data on local lightning 
strike into the forecasting technique. When available, KSC will add a high- 
resolution wind profiler (now being developed at NASA Marshall Space Flight 
Center [MSFC]). 

Other data for the weather forecasting scheme envisioned include dual-doppler 
radar, NEXTRAD at Melbourne, Florida; ground- and airborne electric field 
measurements from KSC-operated sites; and local lightning-locating data. Tf 
at all possible, KSC. envisions using its rocket-triggered lightning data into 
an operational forecasting technique. Since no one, to our knowledge, has 
ever attempted to forecast on a routine basis the weather events KSC desires 
to predict, we can only describe the forecasting as experimental. Devising a 
reliable operational forecasting method may take many years and considerable 
effort from KSC, other government weather-forecasting units, and academia. 


The approach KSC will take will first attempt to improve our understanding of 
smaller scale (mesoscale) weather phenomena. Only when we obtain an adequate 
knowledge of the systems we wish to forecast can we confidently try to pre- 
dict that phenomenon. This approach requires, however, the close coordination 
and cooperation of disparate, heterogeneous data, and its integration into a 
real-time (preferably interactive) data display system. The forecasting 
problem will also almost require such a technique, because KSC must forecast 
weather events lasting less than one minute, thus requiring almost instant- 
aneous data collection and display. This requirement may not be unique 
(airports would also like to have this capability), but the economic and 
political costs of delays and wrong decisions at KSC are much, much higher 
than anywhere else. 


1.1 FACILITIES AND EQUIPMENT 

1.3.1 ATMOSPHERIC SCIENCE FIELD LABORATORY (ASFL) . Kennedy Space Center 
(KSC) lies in a region of the United States with one of the highest 
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frequencies of thunderstorms and lightning activity. Figure 1 shows the loca- 
tion of the ASFL and other sites used for the RTLP. KSC operations involve 
some stupendously expensive equipment (the Shuttle, satellites, and launch 
vehicles) subject to critical and exacting time schedules. At the same time, 
launch support equipment such as towers, antennae, above ground and buried 
cable, are subject to damage or interruption of their function and use from 
lightning strikes. This combination of conditions make lightning both a 
hazard to and a significant factor in success or failure of KSC operations. 
As a result, KSC has been involved in and conducted extensive lightning 
studies for more than two decades. These studies involved characterizing 
lightning flashes, devising methods of protecting equipment from lightning 
strikes, and ways to locate and predict lightning and thunderstorms. Since 
the early 1980 ’s, KSC, in conjunction with other Government organizations, 
private companies, and universities, has intensified its studies of thunder- 
storm and lightning phenomena. 

KSC and the Eastern Space Missile Cen- 
ter (ESMC) weather group delve into 
thunderstorm and lightning forecasting, 
as well as devising methods of predic- 
ting other significant, adverse, or 
severe weather events (e.g. freezing 
precipitation, for, icing, or strong or 
gusty winds). The combination of KSC 
and ESMC have developed one of the 
finest facilities for forecasting 
short-range weather events. The KSC/- 
FSMC facilities include weather satel- 
lite and radar data, a mesoscale wea- 
ther observation network (more than 
fifty stations), and the Meteorological 
Interactive Data Display System (MIDDS) 
which supplies world-wide meteorologi- 
cal data and soundings. The KSC also 
uses a tethered balloon for research on 
thunderstorms and lightning, and may be 
able to include this in future forecas- 
ting techniques. 

KSC and ESMC wish to create and operate 
an advanced weather support and fore- 
casting system in order to reduce weather-related hindrances to KSC opera- 
tions. The KSC program also plans to transfer to other weather forecasting 
units (such as the US Air Force or the National Weather Service) the tech- 
nology and knowledge gained through this research. 

The Federal Aviation Authority (FAA) , Air Force Wright Aeronautical I.ab- 
oratories (AFWAL), and the US Naval Research Laboratory (NRL) are among the 
Government groups interested in lightning studies at KSC. KSC and other 
groups are interested in (1) characterization of lightning hazards to KSC 
operations, to communications, to power distribution, and to command and 
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control systems; (2) remote lightning detection; and (3) understanding the 
"advent and demise" of thunderstorms. In addition, certain groups within the 
Government are interested in using lightning strikes to simulate the electro- 
magnetic pulse (EMP) nuclear weapon bursts might send out. 

After learning more about lighting and its effects on air- and spacecraft, 
KSC would like to transfer the techniques and knowledge gained from its 
studies to operational forecasting and to academic institutions training 
weather forecasters. This should ensure qualified forecasters for future 
operations. 


1.4 DATA ACQUISITION 

Items investigated in KSC lightning and thunderstorm studies include static 
and field charges using electric field measurements in and around KSC; 
locating and counting lightning discharges (cloud-to-ground strikes, mainly) 
within 200 miles of KSC; radar data from the KSC region; surface wind data 
using a mesoscale network of measuring stations within about 50 miles of KSC; 
electric and magnetic fields and lightning current measurements from the KSC 
area; and other meteorological data obtained from local, regional, and na- 
tional sources. These data will, hopefully, be integrated into a forecasting 
method and applied to improving short-term weather forecasting and verifica- 
tion of numerical weather forecasting, and to evaluating lightning warning 
procedures ♦ 

The Maxwell current and its changes with time may help researchers under- 
stand when thunderstorms begin ("turn on") and when they quit ("turn off). 
Maxwell current may thus ultimately lead to an approximate threshold for 
impending lightning strikes. (Lightning and its accompanying thunder define a 
thunderstorm; without these two phenomena, the event is merely a rain- or 
hail shower.) 

Photo analysis of lightning by the State University of New York at Albany 
tSUNYA) may be used to quantify several parameters, such as size and shape of 
strokes. Streak images yield stroke propagation speed. 

The program at KSC is the first program to measure all parameters (electric 
and magnetic field, current, electron temperature in the lightning plasma, 
luminosity, spatial orientation, and stroke propagation speed) at the same 
time, thus allowing case studies to test theoretical and numerical models o 
lightning behavior. 

Photography on calibrated film can determine flash luminosity. If luminosity 
is a function of current, then we can measure lightning current directly. 
Further, time resolved lightning spectra would then yield electron tempera- 
ture in the lightning channel. Photographic images can be analyzed by video 
densitometers, if digitized, or conventional densitometers if not. 

Kennedv Space Center (KSC) receives wind observations from a network of over 
50 instrumented, towers covering an area about 53 by 57 km (about 1600 square 
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kilometers) as shown in figurel-2. Most wind instruments have been mounted on 
top of standard 54-foot tall telephone poles, and set to record wind data at 
five-minute intervals • 

Three direction-finding stations locate negative lightning flashes (where 
earth is positive relative to cloud), Lopez and Holle (1986) describe the 
lightning direction-finding method. 

A United States Air Force WSR-74C radar located at Patrick AFB, approximately 
30 km SSE of KSC, supplies data at five-minute intervals. A Weather Bureau 
radar at Daytona Beach, about 100 km NNW of KSC, also supplies radar imagery 
at irregular intervals. A Lightning Location and Protection, Inc, (LLP) Inte- 
grated Storm Information System (ISIS) records negative lightning flash in- 
formation as well as Daytona Beach radar information. This ISIS equipment is 
currently located at the US Fish and Wildlife headquarters on KSC property, 
but KSC plans to move it to their Range Control building on Cape Canaveral 
Air Force Station during July, 



Ftg.t-lKenncdy Space Center and Cape Canaveral Air Force 
Station area. The rectangle marks the 198f mcsoscale 
network. Solid squares indicate meteorological stations. 
Patrick APB (lower right) is the site of the USAF WSR- 
74 C weather radar. .) 
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I ightning mtt-rH uhfn small rockets trailine a conductive vire behind them 
(rocket -t r 1 ggered li 8 htnin 6 , RTL) are launched near active thunderstorms pro- 
llde :eveJaf advantases for scientific study of li 6 htnin 6 . First tshntns 
occurs at a pre-defined place and at a pre-deteratned time. This *1 ows r 
searchers to measure parameters seldom-and then only uith 
ty— measured in the natural atmosphere. Secondly, it allows a detail 
It the very long "leader" strikes propagating into un-ionized air, close to 
the conditions prevailing in an unmodified environment. Both of these 
ages help researchers understanding lightning leaders, thus understand 1 g 
ning itself better-and, more importantly, that triggered by aerospace vehic- 
1 es traversing that region of the atmosphere* 

Suspending an isolated metallic object (a cylinder about eight feet long and 
two P feet in diameter) below a tethered balloon as a lightning strike 
aS0' may also simulate an aerospace vehicle-triggered ligh tning < (A ) 
ject. Leaders observed and measured during such strikes will provide data for 
comparison with prior observations, hopefully to verify or re u e 
directional ATI model commonly proposed. The series of field mllls s ^ e . ' 
alon- the tether cable provides electric field measurements around the LSO 
Thi ^experimental set-up also allows negative leader current to be measured 
at the ISO site, possibly permitting return-stroke current measurements at 
ground and highe; levels at the same time. Streak cameras and conventional 
photography record visual imagery for later quantitative study. 

Data taken both over land and over water allows similarities ^ differences 
to be observed and measured. Rocket launches over water represent a purer 
eleotric lightning signature, since there is no distortion of the ^ &na] f ^ 
the ground or support equipment around the launch pad. The 1989 RTLP i ‘ 

launches from l”d and water RTLS; my proposal is to launch from each site 
alternately, or from each at short intervals, i.e. quasi-simultaneousl> . 


Other sensors include microphones to record the sound of thunder; and current 
sensors in the ground (correlated with negative cloud-ground potential.) 
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II 


PRESENT RESULTS 


2.1 NEW METHODS OF DATA ACQUISITION 

The 1989 rocket-triggered lightning strike research season envisions record- 
ing positive lightning strike data as well as negative. The State University 
of New York at Albany (SUNYA) plan to operate a system using satellite data 
to provide actual lightning strike location data. 

KSC will also attach electric field measuring instruments ("Field mills") at 
intervals along the cable attached to a tethered balloon located near the 
rocket launch site. This will supply a vertical sounding of electric field 
strength near the triggering site, important data presently missing. Six 
field mills located along the tethering cable will supply field strength at 
heights of approximately 300, 400, 500, 600, 700, and 800 m above the ground. 
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2.? RESULTS FROM 1989 FIELD EXPERIMENT 

? 9 1 PRORLFMS WITH EQUIPMENT. Prior to beginning the 1989 field experiment 
asfi KSC encountered several unexpected problems. These 
lleir^erimentsi consequently, the me g. Ihered 
littlPdatm prior to my departure* This report thus presents feu results, and 
those only preliminary. 

The 1988 field experiment ended August 31, 1988. From that date 

: r*r 1 . 2 ^? *:■«» 

SSKT-,3 ca e S5S2. 235*2,^ - calibration Unfortun- 

; f r, KSC could accomplish this calibration and service, the fire 
22&. all building inspectors noticed a number cf - c'y discrep« e 

These discrepancies required immediate repair; they also precluded service t 

™d caHhrlTon of equipment housed in those buildings until the buildings 
therosplvps hart been fixed* 

Adding to the delayed caused by building troubles, the tethered balloon leak- 
ed too required repair. However, since the much larger balloon Fa 

Albert” came down for patching the week I arrived, its repair delaye a 
repairs to the RTLP balloon. Further, one tether cable apparently ° 

^replaced a new cable required about five weeks for delivery. As of August 
1st the tethered balloon has not been flown. As a result, no air orne le 
mills supply data, because they have not yet been launched. 

Another problem surfaced on June 25th, when the thunderstorm and ligh tning 
*7 1 tct<; rpased receiving radar data from the Daytona Reach 

rl^H^ng 22? and^other attempts to find and fix the problem 
failed. As of July 2b, h, ISIS is still not F'coiving a^-adar signs 
though the signal appears to be arriving a, the site. The ^IS doe^cor^ 
lightning strike location, which is useful, but lack . - 

returns used to deduce the physical relationship between the lig mng 
the parent thunderstorm limit TSTS's value as a forecasting tool. 

Since all attempts to find and correct the problems with IS TS failed, and we 
knew the telephone lines on the northern parts of KSC are not a^ g. _ 
rhoce elsewhere we decided to move the system. KSC personnel and . 

ISTS from its previous location at the headquarters building of U. is an 
II Il I eerlicl. about ten miles north of the maio KSC comp ex of buildings, 
tn the Range Control building on Cape Canaveral Air Force Station. Unfortun- 
ately trouble with the central computer in that building have thus ar ”£ 
11 prevented use of the ISIS at that location, too. 

Tf thP * P prohlems were insufficient to delay the start of the 1989 field ox- 

“s -sr. hrxvxz. 

S55U of July, their equipment failed to arrive for another severe, days. 
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All PTLP equipment and personnel appeared to be ready for the first rocket 

1. Tim. V: only on Inly 21 st . Unfortunately, for a numbe r of days ther eafte r, 
weather conditions did not produce lightning at the launch site on Mosquito 
lagoon. The first operational launch occurred on July 29th, but only one 
rocket was launched. The remainder of thp day, we waited tn vatu for fields 
t n hni Id '.p t : • launch criteria (about 4500 V/m.) 

2 , a, 2 SOMF PRFi TMTNARY RESULTS FROM THE 1989 FIELD EXPERIMENT. Due to delays 
outlined above, coupled with my departure August 4th, this report gives only 
a fpw preliminary* results from the 1989 field experiment. 

Table 2—1, next page, gives a small sample of the lighting-strike data re- 
corded and archived for the project, Table 2.1 gives azimuth (direction in 
degrees f r0 m true north) and range (in nautical miles) relative to the re- 
cording site. On this day, July 29, 1989 (Julian date 89210), about 1000 
C 1 nud -to-ground lightning strikes occurred within 25 nautical miles of the 
recording location on Cape Canaveral AFS , Table 2,1 lists only the first few 
strike? recorded. Time is given in hours, minutes, and seconds Universal Time 
(or Greenwich Mean Time). 

Table 2-2, next page, provides a small sample of the wind data. Wind measur- 
tfig equipment is generally mounted on top of telephone poles of varying leng- 
ths; thus, the heights range from about 45 to 85 ft, with a mean of 54. Some 
locations also record temperature and dew point in Kelvin, from which we de- 
rive relative humidity. Average wind speed and maximum wind gust recorded 
during the previous five minutes are given meters per second. Figure 1-2 
?how= the location of each station. 


2.8 I TGHTNTNG-KTNDI.ED FTRF.S IN FOREST PRODUCTS 

The plan was to place piles of toothpicks, kindling sawn from 1/4— inch ply- 
wood, 1-hy-l's, and o-by-2's at the launch site to see which ones ignite, Ksr 
also intends to measure the current in each strike. The idea of using well 
defined sl’es of wood is to achieve reproducihle results. Again, no result? 
hivp been obtained due to paucity of triggered lightning. 
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Table 2-t. Sample Lightning Data for July W, 1989 
THE FOLLOWING INFORMATION DEPICTS LIGHTNING OCCURRING WITHIN 


£5NI>i OF THE RCC 

AND COMPLEX 

: 1/2 

DAY 

TIME 

AZIMUTH 

RANGE 

83210 

20405 

235* 

20. 9005 

83210 

20539 

233 

22. 6031 

83210 

20539 

224 

18. 7438 

83210 

20753 

235 

21.5042 

83210 

20902 

231 

23. 5604 

83210 

21057 

237 

20. 9962 

83210 

43814 

333 

24.9781 

93210 

51134 

330 

22. 1674 

83210 

60032 

332 

21.9072 

89210 

65848 

339 

15.3245 

89210 

71953 

326 

14.6215 

89210 

75912 

329 

20. 9053 

83210 

183951 

204 

14.64 

83210 

184107 

191 

17.6217 

89210 

184159 

206 

18.0055 

89210 

184237 

192 

18.4356 

89210 

184301 

191 

16.9742 

89210 

184334 

196 

18.7138 

89210 

184458 

190 

17.8074. 

89210 

185058 

310 

15.7288 


Table 2.-2. Sample 

Wind Data 


Day 

83210 i 

89210 ; 

89210 i 

89210 

89210 i 

89210 

89210 

89210 

89210 

89210 

89210 

89210 

89210 

89210 

89210 

89210 

89210 

89210 

89210 

69210 

89210 

89210 

89210 

89210 

89210 

69210 


Time 
235500 
235500 
235500 
235500 
235500 
235500 
235500 
235500 
235500 
235500 
235500 
235500 
235500 
235500 
235500 
235500 
235500 
235500 
235500 
i 235500 
235500 
i 235500 
i 235500 
I 235500 
I 235500 
) 235500 


Site 

1 

3 

5 

108 

110 

112 

303 

311 

313 

403 

412 

415 

506 

509 

714 

803 

419 

417 

1007 

709 

805 

917 

1012 

1108 

39 

39 


WIN 
Ht Dir Speed 


54 167 
54 213 
54 183 
54 178 
54 188 
54 190 
54 189 
54 203 
54 198 
54 182 
54 199 
54 186 
54 195 
54 206 
54 165 
54 166 
65 7 
60 175 
42 185 

44 165 
54 62 

45 0 
48 173 
47 32 
60 219 
60 202 


3.0 
4. 1 
3.6 
2.5 

3.0 
2.5 

2.5 

3.6 

2.0 
2.5 
2.0 

2.5 

3.0 

2.0 

3.0 

1.5 

1.0 

1.5 

2.5 

1.5 

1.5 
0.0 
0.5 
1.0 

4.6 
4. 1 


for July M, 1989 
D 

Gust Temp Dew Pt RH 

3.6 300.38 

4.6 300.38 , _ 

4.6 301.49 300.77 96.0 

3.6 299.82 

4.6 300.93 296.54 77.0 

3.6 299.27 

3.0 298.71 

4.1 298.71 M , 

2.5 299.82 295.93 79.3 

3.0 299.27 

2.5 298.71 
3.0 298.71 

3.6 299.82 

2.5 298. 16 
3.0 299.27 

1.5 297.04 


299. 27 

299.27 294.93 77.0 
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TIT 


CONCLUDING REMARKS 


1 1 NEW T1FVFLOPMFNTS AND PROPOSED METHODS FOR FORECASTING LIGHTNING 

The current ^ystptn for forecasting thunderstorm location and lightning strike 
location iicp? a composite technique including maximum radar reflectivity of 
thunderstorm cells; location, number, and frequency of negative lightning 
strikes; surface wind convergence; and surface wind pattern. (Surface wind 
pattern typically varies with stage of thunderstorm development. See Byers 
and Braham [1949] or Watson et_ aj_. [1989]) 

As Shuttle, and other, launches become scheduled more frequently, KSC opera- 
tions ]pc S tolerant of delays. Thus, KSC forecasters need to identify more 
low-risk launch window, requiring improved forecasting of weather events such 
as triggered lightning, wind shear, and turbulence with accuracy and timeli- 
ness unique to space programs. Measurements of electric fields, for example, 
have not vet bpen included in thp forecasting process for triggered light- 
ning. Moreover, many critical weather factors cannot even be measured direct- 
ly; the forecasters infer thpir value from their relationship to other para- 
meters they can mpasurp. 

launch safetv needs both accurate current weather data and forecasts for two 
hours or less. Observations limit the accuracy and quality of forecasts, par- 
ticularly on this short-term forecasting, or nowcasting, time scale. Ksr 
must improve its observations, including new instrumentation and measuring 
systems, to improve operational forecasts. 

New instrumentation is no panacea, however. New instruments improve detec- 
tion, not necessarily forecasting. Forecasting methods use the data available 
when those methods were developed. KSC needs to modify forecasting methods 
and techniques to include new data sources. Displays for lightning detection 
networks and new instruments to detect in-cloud and cloud-to-c loud lightning, 
for example, should be incorporated into KSC weather forecasting. Likewise, 
local weather analysis and forecasting techniques specific to KSC need to he 
developed. KSC should also develop an interactive, computer-aided weather 
deci si on— maki ng system, and possibly numerical weather prediction models 
specific to KSC operations. 

I oral convergence of surface winds still induce thunderstorm formation at 
KSC. Byers and Rodebnsh (1948) and Byers and Braham (1949) suggested this 
cause and many later experiments and studies supported them. The compara- 
t i vp 1 v dense network of surface wind measurements at KSC allow use of local 
convergence for short -period forecasting. Tn particular, the forecaster must 
locate and follow the movements of the sea bree?e, as it dominates all other 
convereence forces in and around KSC, A proposed, new prediction method (not 
yet completed! is to write computer programs to calculate and plot conver- 
eence over several sub-areas within the KSC research area (fig.]- 0 !, and to 
locate lines and regions of convergence within the same area. Breaking the 
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KSf research arpa down into four or nine smaller regions, or sub-areas, 
should be adequate. Watson and Blanchard (1984) noted that smaller areas 
provide reaconahlv good predictions of thunderstorm development using average 
convergence data,* hut Watson et al_. (1989) noted that larger ones do not 
since the averaging process dilutes the convergence (large on a small scale. 
w fv>n i V e raced over an area as large as the KSC research area. My proposal to 
break the W KSC area down into smaller units for automatic convergence 
computation would solve the apparent dilution problem. 

Surface convergence does not, of course, take into account any dynamic pro 
cesses occurring higher in the atmosphere. The MIDDS provides upper-level 
information. Bv writing programs to analyze and plot various combinations of 
data ( the best combinations have yet to be determined), the forecaster should 
be able to predict at least the potential for triggered lightning. One thing 
the previous research at KSf has shown: Lightning appears to hegin just after 
maximum cnnvereence (averaged over a fairly small areal, to peak before aver- 
divergence over the same area reaches a maximum, and to decrease as di- 
vproprjcp dpcrpasps , 


1 . ? 


FUTupF PROSPECTS 


From -its start seven vears ago on the shores of Merritt Island's Mosquito 
laeoon about eight miles north of KSC's Vehicle Assembly Building, NASA * 
Rocket-Triggered Lightning Program (BTLP) has developed progressively into a 
formidable research effort. NASA's desire to improve KSC lightning protection 
and liehtnine forecasting gave the RTLP emphasis. Each year adds new features 
to improve scientific knowledge. 1988 added a tethered balloon. 

New elements added in 1888 included field mills suspended below the tethered 
balloon fat various height* above the ground), and attempts at quantifying 
1 i sbtni ng-i ni t i at ed kindling of forest materials. Placing field mils at in- 
hPtvppn thp ground and the hnight of thp balloon (about son rv pro- 
vides data on change of electric field strength with altitude, the better to 
be 1 n characterize lightning strike potential over land and water. Field mi 1 * 
detect and beln locate lightning, as well a* allow study of the electric 
field environment prior to lightning strikes. The series of field mills sus- 
pended below the tethered balloon provide a more complete view of weathei 
conditions conducive to rocket- or aircraft-triggered lightning. 

The future thrust should be in combining and assimilating the many diverse 
data sources into an integrated short-term predictive technique. One main 
thrust Should lie in setting un an expert system or knowledge bank, a " rP ~ 

caster’s helper" along the lines of the art if ici a 1 -i nt el 1 i genre based doc- 
tor's associate" used by some physicians and in some hospitals. A second main 
effort writin® programs to analyze the myriad data sources fK^r oca win 
fields electric fields, radar, and other data from Ml DDS ) automatica y, 
chnuld’ support development of an expert system. KSC apparently recognizes t e 
f*rt that too little work has been done in integrating the excellent data. 
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V 


AFVAI - 
ASFi - 


EMP 


FSMO - 
FAA 

TSTS - 


KSr 

UP 

MSFC - 
MI DOS - 

NASA - 
NRT 

RTLP - 
RTI.S - 


SUNYA - 


Acronyms and Abbreviations 


Air Force Wright Aeronautical Laboratories 
Atmospheric Science Field Laboratory 

Building near Mosquito Lagoon, about 15 miles north of the mam K. 
building complex, housing equipment, research space, and offices for 
conducting field experiments in lightning and other aspects of 
atmospheric science. 


Electromagnetic Pulse , 

Pulse of electromagnetic radiation emitted by nuclear explosion. 


Eastern Space Missile Center 
Federal Aviation Administration 
Integrated Storm Information System 

System for storage and display of digital radar data and nr cloud- 
to-ground lightning strike location. Displays either radar or 
lightning data separately on the video terminal, or both together. 

Kennedy Space Center 

lightning location and Protection, Inc 
Manufactures of TSTS. 


Marshall Space Flight Center 

Meteorological Interactive Data Display System 
World-wide weather data dissemination and display system 


National Aeronautics and Space Administration 
Naval Research Laboratories 


Rocket Triggered Lightning Program 

Program at KSC to launch small rockets into thunderstorm clouds, 
triggering lightning at the launch site. 


Rocket Triggered Launch Site 

Site on Mosquito Lagoon, near the ASFL, where RTLP personnel 
small rockets into active thunderstorm clouds. Contains latinch 


1 aunch 
sites 


over land and water. 


State University of New York at Albany 
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